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Constrained Delaunay triangulations of the interiors of ul-
tra-complex shapes such as clouds and trees may be used to
provide a robust and simple quantitative characterization of
these shapes. The morphological taxonomy of triangles into
Junction, Sleeve, and Terminal triangles in the constrained
Delaunay triangulation of a shape [1, 2, 3] enables the struc-
tural classification of ultra-complex shapes based on the rela-
tive statistical abundance of these triangle types [4, 5].

Specifically, such a statistical measure of the structural quality
of ultra-complex shapes has been successfully used to ad-
dress the problem of plume detection in hyperspectral imag-
ery. This problem is of importance to satellite-based atmo-
spheric imaging, and the automatic detection and analysis
of industrial and other effluents for presence of suspect
chemicals. In the case of plumes, most of the area of the
plume shape is occupied by Junction triangles [4, 5]. This
property of “plume-likeness” distinguishes plumes from other
objects in imagery.

We have implemented an efficient application, wherein a
nearly VGA resolution image is spectrally segmented and
the emergent shapes in the segmentation are subjected to
triangulation and subsequent analysis for plume-likeness.

Figure 1 shows a matched filter output of a broadband HIRIS
LWIR image revealing an ammonia plume. The absorption
tail is shown in white, and the emission tail is black. Figure
2 shows a spectral segmentation of Figure 1 into a binary
image. Notice the presence of ambient noise. Figure 3 is a
plot of the relative fraction of area covered by junction tri-

angles in the constrained Delaunay triangulation of each
“object” in Figure 2, against the object number. Objects
whose area fraction occupied by junction triangles is two
standard deviations above the mean are selected to be plume-
like. Figure 4 depicts the fragments of the absorption plume
identified as being plume-like; these are precisely the four
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Figure 2: Wavelet-based spectral segmentation of the
previous image.

Figure 1: Matched filter output of broadband HIRIS
LWIR image revealing NH3 plume.

This problem is of importance to sat-
ellite-based atmospheric imaging, and
the automatic detection and analysis
of industrial and other effluents for
presence of suspect chemicals.
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Figure 3: Measure of “plume-like-
ness” as a fraction of area occupied
by Junction Delaunay triangles.

Figure 4: Isolation of plume-like features.
Note the identification of the absorption
tail of the NH3 plume.
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objects whose relative fraction of area occupied by junction
triangles is two standard deviations above the mean. Simi-
larly, in a complementary segmentation, the emission tail is
picked up as a plume-like object, although not so strongly
because of the poor resolution of the image not revealing the
plume-like structure clearly. Our implementation worked
well, in the presence of a lot of noise, and rapidly (~
10 seconds total processing time on a 400-MHz Intel Pentium
IIPC with a LINUX OS), in the presence of nearly 6000 ob-
jects to be analyzed.
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